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This present dissertation is comprised of two essays on the study of diffusion
in Hamiltonian systems. First one is the study of mass, energy and momentum
diffusion in two- and three-dimensional gas system. Send one is the diffusion of
free particle in two-dimensional scatterers.
In the first essay, we study the mass, energy and momentum diffusion in gas
system with Lennard-Jones interactions. For the particle diffusion, or sometimes
called the mass diffusion, duo to Einstein’s work in 1905, it has been widely
accepted that a particle in gas undergoes the Brownian motion which can be
modeled essentially with the random-walk. Our numerical results agree with this
image. But theoretical and experimental studies of energy diffusion, which means
how the energy carried by a molecular transfers, are far from enough. There are
no answers yet in experiments or numerical simulation. In general, the existing
theories, taking, for example, the Helfand theory, approached this issue by simply
extending the random-walk picture of a Brownian particle to energy. However
there is no evidence showing whether Helfand theory is correct or not. Here
we perform numerical simulation to investigate the energy diffusion in two- and
three-dimensional gas system. We find that energy diffusion is essential different
with particle diffusion. The energy carried by a molecular would propagate as
a ballistic sound wave. We explain the microscopic mechanism in comparison
with momentum diffusion. For a tagged particle in gas system, since its frequent
collision with others it will lose the information of its initial moving direction
quickly, which leads to the random walk scenario of particle diffusion. However,
when the energy of the tagged particle transfers to others, the memory of its














moving direction will be forgotten quickly by the tagged particle however it will
be well remembered by the whole system. It implies that the energy transfer
process studied here cannot be a Markov process. Some simulation techniques
are adopted to describe the energy diffusion such as ensemble averaged energy
density distribution method and spatiotemporal correlation function method.
The problem of long time tail of the velocity autocorrelation function in two-
dimensional gas system is also discussed in this thesis.
In second essay, we investigate dynamics of the free particle diffusion in two-
dimensional scatterers. Some models are applied to investigate this problem such
as the Lorentz gas model and the two-dimensional cosine potential model. The
former model describes a free particle diffuses among scatters while the latter
one describes the particle moves in a spatial continuous periodic potential. The
particle diffusion in both of these models appears in both normal diffusion and
superdiffusion. To simulate the subdiffusion in real system, such as subdiffu-
sion in semiconductors, damping effect is introduced. Science the Lennard-Jones
potential is applied as the interaction potential between the free particle and
scatterers, this system may react more likely as the diffusion process in con-
densed matter. More importantly, subdiffusion which has never been shown in
simple models is observed here. In our model, the diffusion character depends on
the density of scatterers, the spatial distribution and the energy of free particle.
For periodic scatterers, the diffusion behavior for high density of scatterers is
quit simple that only the localization and normal diffusion is observed. For low
density of scatterers we observe localization, superdiffusion and normal diffusion
with the increase in the particle energy. For randomly distributed scatterers,
localization, subdiffusion and normal diffusion is observed with the increase in
the particle energy which means that the subdiffusion can be observed without














phenomenon is studied in Hamiltonian dynamics. The correlation of subdiffusion
and percolation is also discussed.
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